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dispersed in an alloy matrix. The mixed structure consists of
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acopper phase, and pores, and the mixed structure consists of,
by mass %, 0.075 t0 0.525% of P, 3.0 to 10.0% of Cu, 1.0 to
3.0% of C, and the balance of Fe and inevitable impurities.
The hard phase is dispersed at 2 to 15 mass % in the mixed
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SINTERED VALVE GUIDE AND
PRODUCTION METHOD THEREFOR

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a sintered valve guide that
may beused in an internal combustion engine, and also relates
to a production method for the sintered valve guide. Specifi-
cally, the present invention relates to a technique for further
improving wear resistance of the sintered valve guide.

2. Background Art

A valve guide used in an internal combustion engine is a
tubular component having an inner circumferential surface
for guiding valve stems of an intake valve and an exhaust
valve. The intake valve may be driven so as to take fuel gas
into a combustion chamber of the internal combustion engine,
and the exhaust valve may be driven so as to exhaust com-
bustion gas from the combustion chamber. Therefore, the
valve guide is required to have wear resistance and is also
required to maintain smooth sliding conditions so as not to
cause to wear the valve stems for long periods. Valve guides
made of a cast iron are generally used, but valve guides made
of a sintered alloy have recently come into wide use. This is
because sintered alloys can have a specific metallic structure,
which cannot be obtained from ingot materials, and therefore
the sintered alloys can have wear resistance. Moreover, once
a die assembly has been made, products having the same
shape can be mass-produced, and therefore the sintered alloys
are suitable for commercial production. Furthermore, a sin-
tered alloy can be formed into a shape similar to that of a
product, and thereby material yield can be high in machining.
For example, a sintered alloy has a metallic structure in which
an iron-phosphorus-carbon compound phase is precipitated
and free graphite particles are dispersed in a pearlitic matrix.
In this case, the pearlitic matrix is strengthened by adding
copper and tin. Sintered valve guides made of this sintered
alloy are disclosed in Japanese Examined Patent Publication
No. 55-034858 and Japanese Patent Application of Laid-
Open No. 4-157140. These sintered valve guides have been
mounted in automobiles and have been commercially used as
automobile valve guides by domestic and international auto-
mobile manufacturers.

SUMMARY OF THE INVENTION

In accordance with trends toward improving the perfor-
mance and the fuel efficiency of automobile internal combus-
tion engines in recent years, valve guides have been subjected
to higher temperatures and higher pressures while internal
combustion engines are running. Moreover, in view of recent
environmental issues, amounts of lubricant supplied to an
interface between a valve guide and a valve stem have
decreased. Therefore, valve guides must withstand under
more severe sliding conditions. In view of these circum-
stances, valve guides are required to have higher wear resis-
tance, and thus wear resistance of sintered valve guides need
to be further improved. Accordingly, an object of the present
invention is to provide a sintered valve guide and a production
method therefor, and the sintered valve guide has improved
wear resistance compared with those of sintered valve guides
disclosed in Japanese Examined Patent Publication No.
55-034858 and Japanese Patent Application of Laid-Open
No. 4-157140.

The present invention provides a sintered valve guide
exhibiting a metallic structure having a mixed structure and a
hard phase in which hard particles are dispersed in an alloy
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matrix. The mixed structure consists of pearlite, an Fe—P—C

ternary eutectic phase, a ferrite phase, a copper phase, and

pores, and the mixed structure consists of, by mass %, 0.075

10 0.525% of P, 3.0 to 10.0% of Cu, 1.0 to 3.0% of C, and the

balance of Fe and inevitable impurities. The hard phase is

dispersed at 2 to 15 mass % in the mixed structure.

The mixed structure preferably further includes not greater
than 1.1 mass % of Sn, and the copper phase is preferably
partially or wholly made of a copper-tin alloy phase.

In the hard phase, the hard particles are preferably concen-
trated in the alloy matrix of the hard phase. The hard particles
are preferably at least one kind selected from the group con-
sisting of molybdenum silicides, chromium carbides, molyb-
denum carbides, vanadium carbides, and tungsten carbides.
The alloy matrix of the hard phase is preferably one kind of an
iron-based alloy and a cobalt-based alloy.

Furthermore, the hard phase is more preferably made of at
least one selected from the group consisting of
(A) a hard phase consisting of, by mass %, 4 to 25% of Cr,

0.25 to 2.4% of C, and the balance of Fe and inevitable

impurities,

(B) a hard phase consisting of, by mass %, 4 to 25% of Cr,
0.251t0 2.4% of C, at least one 0f 0.3 to 3.0% of Mo and 0.2
10 2.2% of'V, and the balance of Fe and inevitable impuri-
ties,

(C) ahard phase consisting of, by mass %, 4 to 8% of Mo, 0.5
t0 3% of'V, 4 to 8% of W, 2 to 6% of Cr, 0.6 to 1.2% of C,
and the balance of Fe and inevitable impurities,

(D) a hard phase consisting of, by mass %, 0.5 to 10% of Si,
10 to 50% of Mo, and the balance of Fe and inevitable
impurities,

(E) a hard phase consisting of, by mass %, 0.5 to 10% of Si,
10 to 50% of Mo, at least one selected from the group
consisting of 0.5 to 10% of Cr, 0.5 to 10% of Ni, and 0.5 to
5% of Mn, and the balance of Fe and inevitable impurities,
and

(F) a hard phase consisting of, by mass %, 1.5 to 3.5% of Si,
7 to0 11% of Cr, 26 to 30% of Mo, and the balance of Co and
inevitable impurities.

The present invention provides a production method for a
sintered valve guide, and the production method includes
preparing an iron powder, an iron-phosphorus alloy powder
consisting of 15 to 21 mass % of P and the balance of Fe and
inevitable impurities, a copper powder, a graphite powder,
and a hard phase forming powder. The production method
also includes mixing 0.5 to 2.5 mass % of the iron-phosphorus
alloy powder, 3 to 10 mass % of the copper powder, 1 to 3
mass % of'the graphite powder, and 2 to 15 mass % of the hard
phase forming powder with the iron powder into a raw pow-
der. The production method further includes filling a tube-
shaped cavity of a die assembly with the raw powder, com-
pacting the raw powder into a green compact having a tube
shape, and sintering the green compact at a heating tempera-
ture of 950 to 1050° C. in a nonoxidizing atmosphere.

Moreover, the overall composition of the raw powder pref-
erably includes 3 to 10 mass % of Cu and not greater than 1.1
mass % of Sn. Therefore, the production method preferably
further includes adding at least one kind of a tin powder and
a copper-tin alloy powder, which consists of not less than 8
mass % of Sn and the balance of Cu and inevitable impurities,
to the raw powder while adjusting the amount of the copper
powder. Alternatively, the production method preferably fur-
ther includes adding the copper-tin alloy powder, or both the
tin powder and the copper-tin alloy powder, to the raw pow-
der, instead of adding the copper powder.
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Furthermore, the hard phase forming powder is more pret-
erably made of at least one selected from the group consisting
of
(A) a hard phase forming powder consisting of, by mass %, 4

t0 25% of Cr, 0.25 to 2.4% of C, and the balance of Fe and

inevitable impurities,

(B) a hard phase forming powder consisting of, by mass %, 4
10 25% of Cr, 0.25 to 2.4% of C, at least one 0f 0.3 to 3.0%
of Mo and 0.2 to 2.2% of V, and the balance of Fe and
inevitable impurities,

(C) a hard phase forming powder consisting of, by mass %, 4
to 8% of Mo, 0.5 to 3% of V, 4 to 8% of W, 2 to 6% of Cr,
0.6 to 1.2% of C, and the balance of Fe and inevitable
impurities,

(D) a hard phase forming powder consisting of, by mass %,
0.5 to 10% of Si, 10 to 50% of Mo, and the balance of Fe
and inevitable impurities,

(E) a hard phase forming powder consisting of, by mass %,
0.5 to 10% of Si, 10 to 50% of Mo, at least one selected
from the group consisting of 0.5 to 10% of Cr, 0.5 to 10%
of Ni, and 0.5 to 5% of Mn, and the balance of Fe and
inevitable impurities, and

(F) a hard phase forming powder consisting of, by mass %,
1.5t03.5% of Si, 7to 11% of Cr, 26 to 30% of Mo, and the
balance of Co and inevitable impurities.

In the sintered valve guide of the present invention, the
Fe—P—C ternary eutectic phase (hereinafter called “iron-
phosphorus-carbon compound phase”) and also the hard
phase are dispersed in the iron-based matrix, whereby the
wear resistance is improved. Therefore, the sintered valve
guide of the present invention is preferably used for valve
guides used in sliding conditions that have recently become
severe. Moreover, according to the production method for the
sintered valve guide of the present invention, the sintered
valve guide can be produced as easily as in a conventional
manner.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic view showing a metallic structure of
a sintered valve guide of the present invention.

PREFERRED EMBODIMENT OF THE
INVENTION

The inventors of the present invention have endeavored to
improve a sintered valve guide based on the sintered valve
guide disclosed in Japanese Examined Patent Publication No.
55-034858, and they found the following. That is, by dispers-
ing an iron-phosphorus-carbon compound phase and also a
hard phase in a matrix, wear resistance is greatly improved. In
addition, they found a hard phase in which hard particles are
concentrated and are dispersed in an alloy matrix made of one
of an iron-based alloy and a cobalt alloy. The hard particles
are at least one kind selected from the group consisting of
molybdenum silicides, chromium carbides, molybdenum
carbides, vanadium carbides, and tungsten carbides. This
hard phase does not greatly decrease strength and is prefer-
ably used for greatly improving wear resistance. The present
invention has been achieved based on these findings, and a
metallic structure and grounds for limiting amounts of com-
positions of the present invention will be described with func-
tions of the present invention hereinafter.

The sintered valve guide of the present invention has a
metallic structure in which pores are dispersed. By impreg-
nating the pores with lubricant, the sintered valve guide
retains the lubricant and can smoothly slide along a valve
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stem. Moreover, when some of the lubricant is consumed,
supplemental lubricant will be provided from a valve system
and reaches an inner circumferential surface, at which the
sintered valve guide slides on a valve, through the pores. The
amount of the pores having such functions is suitably 10 to 20
volume %. If the amount of the pores is less than 10 volume
%, the sintered valve guide may not sufficiently retain the
lubricant, and the supplemental lubricant may not be suffi-
ciently provided when the lubricant is consumed. On the
other hand, if the amount of pores is greater than 20 volume
%, the amount of the matrix is relatively decreased, whereby
strength of the sintered alloy is greatly decreased. Moreover,
there may be cases in which the lubricant leaks to an exhaust
side of the sintered valve guide and generates white smoke.

The sintered valve guide of the present invention has a
matrix made of a mixed structure of a pearlite phase, an
iron-phosphorus-carbon compound phase, a ferrite phase,
and a copper phase, and the sintered valve guide exhibits a
metallic structure in which a hard phase is dispersed in the
matrix.

In the matrix of the sintered valve guide, the amount of the
pearlite structure is not less than 50% of the matrix by cross-
sectional area so as to increase strength of the matrix. By
sintering a raw powder which is a mixture of an iron powder
and a graphite powder, the carbon is dispersed into the iron
powder, whereby the matrix of the sintered valve guide is
formed. The iron powder and the graphite powder are used as
the raw powder because a metallic powder, in which carbon is
solid-solved in metal, is hard and has low compressibility. If
the amount of the graphite powder is insufficient, the amount
of the carbon combining with the matrix comes to be insuf-
ficient, and a large amount of ferrite phase (c-iron) is formed,
whereby the strength of the matrix is decreased.

The iron-phosphorus-carbon compound phase is dispersed
in the pearlitic matrix. By mixing the graphite powder and an
iron-phosphorus alloy powder with the iron powder and by
sintering them, an iron-phosphorus-carbon compound is pre-
cipitated in the form of plates at a crystal grain boundary of
the pearlite phase and forms a hard iron-phosphorus-carbon
compound phase. Consequently, the wear resistance of the
sintered alloy is improved. In forming of the iron-phospho-
rus-carbon compound phase, a ferrite phase is formed around
the iron-phosphorus-carbon compound phase. In this case, as
long as not less than 50% of the matrix is made of pearlite by
area ratio as described above, even when the ferrite is formed
as a residue, the strength of the matrix is not greatly
decreased, and the amount of the ferrite is acceptable. The
amount of the graphite powder will be described hereinafter.

In order to form the iron-phosphorus-carbon compound
phase, the sintered alloy requires P. If the amount of P in the
sintered alloy in the overall composition is less than 0.075
mass %, the iron-phosphorus-carbon compound phase is not
sufficiently formed, whereby the effect for improving the
wear resistance is not sufficiently obtained. On the other
hand, if the amount of P is greater than 0.525 mass %, too
much of the iron-phosphorus-carbon compound phase is
formed, whereby the matrix ofthe sintered alloy is embrittled.
Therefore, the strength of the sintered alloy is decreased, and
the degree of wear characteristics with respect to a mating
material is remarkably increased. Accordingly, the amount of
P in the overall composition is set to be 0.075 to 0.525 mass
%.

P is added to the raw powder in the form of an iron-
phosphorus alloy powder, which is easy to handle. An iron-
phosphorus alloy including approximately 10to 13 mass % of
P forms a liquid phase thereof at temperatures between 950
and 1050° C. Although a large amount of the liquid phase
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decreases dimensional stability of the sintered alloy and is not
preferable, an appropriate amount of the liquid phase accel-
erates neck growth and thereby improves the strength of the
sintered alloy. Accordingly, in order to appropriately control
the formation of the liquid phase, an iron-phosphorus alloy
powder including not less than 15 mass % of P is used.

P in the iron-phosphorus alloy powder including not less
than 15 mass % of P is dispersed into the iron powder in
sintering. Therefore, the amount of P in the iron-phosphorus
alloy powder is partially in the above range, whereby a liquid
phase is formed. The liquid phase wets and covers the surface
of the iron powder particles, and then P is rapidly dispersed
from this liquid phase into the iron powder. As a result, the
amount of P included in the liquid phase comes to be below
the above range, and the liquid phase transforms into a solid
phase. Therefore, the neck growth between the iron powder
particles is accelerated, whereby the strength is improved. In
addition, the liquid phase is formed at a part of the iron
powder and transforms into the solid phase for a short time,
whereby large decreases in dimensional stability are pre-
vented.

If the amount of P in the iron-phosphorus alloy powder is
less than 15 mass %, the composition of the iron-phosphorus
alloy comes to be in the above range of formation of the liquid
phase because of the dispersion of P in sintering. As a result,
a large amount of the liquid phase is formed, whereby the
dimensional stability is decreased. On the other hand, if the
amount of P in the iron-phosphorus alloy powder is greater
than 21 mass %, the iron-phosphorus alloy powder is hard-
ened, whereby a compressibility of the raw powder is
decreased. Therefore, densities of the green compact and the
sintered alloy are decreased, and the strength of the sintered
valve guide comes to be insufficient. Accordingly, an iron-
phosphorus alloy powder including 15 to 21 mass % of P is
used, and the amount of the iron-phosphorus alloy powder in
the total amount of the raw powder is set to be approximately
0.5 to 2.5 mass %.

In the matrix of the sintered alloy having a mixed structure,
in which the iron-phosphorus-carbon compound phase is dis-
persed in the pearlitic matrix, a copper phase is also dispersed.
The copper phase is formed by copper remaining in the metal-
lic structure in sintering of the raw powder, in which a copper
powder is mixed. The copper phase is soft and improves
adaptability to a valve, which is a sliding mating material, and
also thermal conductivity. Therefore, the wear resistance and
machinability of the sintered alloy are improved. These
effects of the copper phase are efficiently obtained in a con-
dition in which the copper phase is dispersed in the matrix at
not less than 0.5% of an observation area of a sectional struc-
ture. Accordingly, the amount of the copper phase is prefer-
ably set to be not less than 0.5% of an observation area of a
sectional structure.

The copper powder not only forms the copper phase but
also accelerates sintering. Moreover, some of the copper pow-
der is dispersed and is solid-solved in the matrix, thereby
improving the strength of the matrix. If the amount of Cu in
the overall composition is less than 3 mass %, the above
effects are not sufficiently obtained. On the other hand, if the
amount of Cu is greater than 10 mass %, the above effects are
not greatly improved for the amount. Therefore, the amount
of Cu in the overall composition is set to be 3 to 10 mass %.
Cu is added to the raw powder in the form of a copper powder.
Accordingly, the amount of the copper powder in the raw
powder is set to be 3 to 10 mass %.

Inthe sintered valve guide, the strength of the sintered alloy
is further improved by adding not greater than 1.1 mass % of
Sn in the overall composition. Since the melting point of Sn is
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232° C. and is low, Sn melts and forms a liquid phase while
temperature rises to the above sintering temperature. There-
fore, Sn facilitates the sintering and thereby improves the
strength of the sintered alloy. In addition, some of Sn is
alloyed with Cu and strengthens the copper phase, whereby
Sn improves the strength of the sintered alloy. In this case, a
part or the entire amount of the copper phase dispersed in the
sintered alloy is transformed into a copper-tin alloy phase. If
the amount of Sn is greater than 1.1 mass %, Sn causes
embrittlement of the sintered alloy. Therefore, the amount of
Sn is required to be not greater than 1.1 mass %.

Sn having the above effects may be added to the raw
powder in the form of a tin powder, but if Sn is added in the
form of a copper-tin alloy powder, a uniform structure is
easily obtained. In a case of using the copper-tin alloy pow-
der, the temperature of formation of the liquid phase increases
with the decreasing of the amount of Sn. Therefore, in order
to obtain the above effects, the copper-tin alloy powder is
required to have a composition so that the temperature of
formation of the liquid phase will not be above 900° C.
Accordingly, the amount of Sn in the copper-tin alloy powder
is set to be not less than 8 mass %.

Ifthe amount of Sn in the copper-tin alloy powder is large,
the temperature of formation of the liquid phase is decreased,
and the amount of Sn dispersed in the matrix of the sintered
alloy is increased. Therefore, in order to strengthen the copper
phase by Sn, the amount of Sn in the copper-tin alloy powder
is set to be not greater than 11 mass %. As a result, the
temperature of formation of the liquid phase comes to be not
less than 800° C., whereby the formation of the liquid phase
will be delayed while the temperature rises to the sintering
temperature. Accordingly, the amount of Sn dispersed in the
matrix of the sintered alloy is decreased, while the amount of
Sn solid-solved in the copper-tin alloy phase is increased. The
tin powder and the copper-tin alloy powder may be added to
the raw powder either alone or in combination. When the
copper-tin alloy powder is used, it is necessary to adjust the
amount of the copper powder added to the raw powder so that
the amount of Cu in the raw powder is 3 to 10 mass %.
Alternatively, the entire amount of the copper powder may be
replaced with the copper-tin alloy powder.

Inthe matrix of the sintered alloy having a mixed structure,
in which the iron-phosphorus-carbon compound phase, and
atleast one of the copper phase and the copper-tin alloy phase,
are dispersed in the pearlitic matrix, a hard phase is also
dispersed. The hard phase exhibits a complex structure in
which hard particles of at least one of a metallic carbide and
an intermetallic compound are concentrated and are precipi-
tated in a soft alloy matrix. The hard particles of the metallic
carbide and the intermetallic compound improve the wear
resistance of the hard phase. Moreover, since the hard phase
is formed by surrounding the hard particles of at least one of
the metallic carbide and the intermetallic compound with the
soft alloy matrix, the hard phase reduces the degree of the
wear characteristics with respect to a mating material. By
dispersing the hard phase having such complex structure into
the matrix of the sintered alloy, the wear resistance of the
sintered alloy is improved without increasing the degree of
the wear characteristics with respect to a mating material. The
metallic carbide and the intermetallic compound are precipi-
tated from the alloy matrix ofthe hard phase and are dispersed
therein. Therefore, the metallic carbide and the intermetallic
compound are firmly fixed to the alloy matrix of the hard
phase and do not easily exfoliate. This characteristic also
improves the wear resistance.

In order to obtain the above effects, the alloy matrix of the
hard phase is required to be relatively soft and to firmly fix the
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hard phase to the matrix of the sintered alloy after being

dispersed. That s, an iron-based alloy or a cobalt-based alloy

is suitable for the alloy matrix of the hard phase. On the other
hand, the hard particles are required to have high hardness and
to be firmly fixed to the alloy matrix of the hard phase.

Therefore, molybdenum silicides, chromium carbides,

molybdenum carbides, vanadium carbides, and tungsten car-

bides are suitable for the hard particles, and at least one kind
of'these hard particles is preferably concentrated and precipi-
tated in the alloy matrix of the hard phase.

By mixing a hard phase forming powder with the raw
powder, which is a mixture of the graphite powder and the
iron-phosphorus-carbon alloy powder, and by sintering them,
the hard phase exhibiting the complex structure is dispersed
in the matrix. Therefore, the amount of the hard phase dis-
persed in the matrix of the sintered alloy depends on the
amount of the hard phase forming powder added to the raw
powder. If the amount of the hard phase dispersed in the
matrix of the sintered alloy is less than 2 mass %, the amount
of the hard phase is insufficient, and the effect for improving
the wear resistance is not sufficiently obtained. On the other
hand, if the amount of the hard phase dispersed in the matrix
is greater than 15 mass %, the amount of the hard phase
forming powder in the raw powder is large, whereby the
compressibility of the raw powder is decreased. Moreover,
the amount of the hard phase dispersed in the matrix of the
sintered alloy becomes too high, whereby the degree of the
wear characteristics with respect to a valve stem is increased,
and the sintered alloy may cause wear of the valve stem.
Accordingly, the upper limit of the amount of the hard phase
forming powder is set to be 15 mass %.

Specifically, the hard phase preferably made of at least one
kind selected from the group consisting of
(A) a hard phase consisting of, by mass %, 4 to 25% of Cr,

0.25 to 2.4% of C, and the balance of Fe and inevitable

impurities,

(B) a hard phase consisting of, by mass %, 4 to 25% of Cr,
0.2510 2.4% of C, at least one 0f 0.3 t0 3.0% of Mo and 0.2
10 2.2% of'V, and the balance of Fe and inevitable impuri-
ties,

(C) ahard phase consisting of, by mass %, 4 to 8% of Mo, 0.5
10 3% of V, 4 to 8% of W, 2 to 6% of Cr, 0.6 to 1.2% of C,
and the balance of Fe and inevitable impurities,

(D) a hard phase consisting of, by mass %, 0.5 to 10% of Si,
10 to 50% of Mo, and the balance of Fe and inevitable
impurities,

(E) a hard phase consisting of, by mass %, 0.5 to 10% of Si,
10 to 50% of Mo, at least one selected from the group
consisting of 0.5 to 10% of Cr, 0.5 to 10% of Ni, and 0.5 to
5% of Mn, and the balance of Fe and inevitable impurities,
and

(F) a hard phase consisting of, by mass %, 1.5 to 3.5% of Si,
710 11% of Cr, 26 to 30% of Mo, and the balance of Co and
inevitable impurities.

Hard Phase (A)

The hard phase (A) includes hard particles made of chro-
mium carbides and has an alloy matrix made of an iron-
chromium alloy. As the hard phase forming powder, a hard
phase forming powder consisting of, by mass %, 4 to 25% of
Cr, 0.25 to 2.4% of C, and the balance of Fe and inevitable
impurities is used. Therefore, a hard phase, in which chro-
mium carbides are dispersed in an iron-chromium alloy
matrix, is formed.

Cr included in the hard phase forming powder forms chro-
mium carbides, thereby improving the wear resistance of the
sintered alloy. Moreover, Cr is solid-solved in the alloy matrix
of the hard phase and strengthens the alloy matrix, thereby
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improving the wear resistance and the strength of the hard
phase. In addition, some of the Cr is dispersed from the hard
phase forming powder into the matrix, thereby increasing
fixability of the hard phase with respect to the matrix of the
sintered alloy. Moreover, some of the Cr is solid-solved in the
matrix of the sintered alloy and strengthens the matrix,
thereby improving the wear resistance and the strength of'the
sintered alloy.

If the amount of Cr included in the hard phase forming
powder is less than 4 mass %, the above effects are not
sufficiently obtained. On the other hand, if the amount of Cr
is greater than 25 mass %, too much of the chromium carbides
are precipitated, whereby wear of a mating material such as a
valve stem is accelerated. In addition, the amount of Cr solid-
solved in the hard phase forming powder is too large, whereby
the hard phase forming powder is hardened, and the com-
pressibility of the raw powder is decreased. Accordingly, the
amount of Crincluded in the hard phase forming powder is set
to be 4 to 25 mass %.

Instead of adding the entire amount of Cr to the hard phase
forming powder by solid solving, chromium carbides may be
preliminarily precipitated in the hard phase forming powder
by adding C to the hard phase forming powder. In this case,
the amount of Cr solid-solved in the matrix of the hard phase
forming powder is decreased, and thereby the hardness of the
matrix is decreased. As a result, even when hard chromium
carbides are precipitated in a part of the hard phase forming
powder, the hardness of the hard phase forming powder is
decreased. Therefore, C is added to the hard phase forming
powder at 0.25 to 2.4 mass %. If the amount of C included in
the hard phase forming powder is less than 0.25 mass %, the
effect for decreasing the hardness of the hard phase forming
powder is not sufficiently obtained. On the other hand, if
greater than 2.4 mass % of C is included in the hard phase
forming powder, the amount of the chromium carbides pre-
cipitated in the hard phase forming powder comes to be too
large, whereby the hardness of the hard phase forming pow-
der is increased.

When the hard phase forming powder having the above
composition is used, since the amount of the hard phase
forming powder is 2 to 15 mass %, the amount of Cr in the
overall composition comes to 0.08 to 3.75 mass %. In this
case, the amount of C added by the hard phase forming
powder corresponds to 0.005 to 0.36 mass % in the overall
composition. This amount is added to the amount of C which
is added to the raw powder in the form of a graphite powder.
The graphite powder will be described hereinafter.

Hard Phase (B)

The hard phase (B) has the composition of the hard phase
(A) and further includes at least one of 0.3 to 3.0 mass % of
Mo and 0.2 to 2.2% of V. In the hard phase (B), in addition to
the chromium carbides, molybdenum carbides, vanadium
carbides, and complex carbides thereof are dispersed,
whereby the wear resistance is further improved. In this case,
the overall composition further includes at least one of 0.006
to 0.45 mass % of Mo and 0.004 to 0.33 mass % of V. This
hard phase (B) is formed by adding at least one of 0.3 t0 3.0
mass % of Mo and 0.2 to 2.2% of V to the hard phase forming
powder of the hard phase (A).

Each of the Mo and V added to the hard phase forming
powder combines with C in the hard phase forming powder
and also combines with C added in the form of the graphite
powder. Therefore, each of the Mo and V forms and precipi-
tates molybdenum carbides, vanadium carbides, complex
carbides of chromium and molybdenum, and complex car-
bides of chromium and vanadium, respectively, in the iron-
chromium alloy matrix of the hard phase. In a case of adding
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both Mo and V, complex carbides of molybdenum and vana-
dium and complex carbides of chromium, molybdenum, and
vanadium are also formed and are precipitated in the iron-
chromium alloy matrix of the hard phase. Accordingly, in
addition to the chromium carbides, Mo and V improve the
wear resistance. Since the vanadium carbides are fine, the
vanadium carbides prevent coarsening of the chromium car-
bides, whereby wear of'a valve stem will be further decreased.

Each of the Mo and V, which does not form carbides, is
solid-solved in the hard phase, thereby improving high-tem-
perature hardness and high-temperature strength of the hard
phase. In the hard phase forming powder, if the amount of Mo
is less than 0.3 mass %, and the amount of V is less than 0.2
mass %, the above effects are not sufficiently obtained. On the
other hand, if the amount of Mo is greater than 3.0 mass %,
and the amount of'V is greater than 2.2 mass %, too much of
the carbides are precipitated, whereby wear of a valve stem
will be accelerated.

Hard Phase (C)

The hard phase (C) includes hard particles made of molyb-
denum carbides, vanadium carbides, tungsten carbides, chro-
mium carbides, and complex carbides thereof and has an
alloy matrix made of an iron-based alloy. As the hard phase
forming powder, a hard phase forming powder consisting of,
by mass %, 4 to 8% of Mo, 0.5 t0 3% of V, 4 to 8% of W, 2 to
6% of Cr, 0.6 to 1.2% of C, and the balance of Fe and
inevitable impurities is used. Therefore, a hard phase, in
which the above carbides are dispersed in an iron-based alloy
matrix, is formed.

Each of the Mo, V, W, and Cr added to the hard phase
forming powder combines with C in the hard phase forming
powder and also combines with C added in the form of the
graphite powder. Therefore, each of the Mo, V, W, and Cr
precipitates molybdenum carbides, vanadium carbides, tung-
sten carbides, chromium carbides, and complex carbides
thereof, respectively, in the iron-based alloy matrix of the
hard phase. Accordingly, Mo, V, W, and Cr improve the wear
resistance. Elements, that do not form carbides, are solid-
solved in the hard phase, thereby improving high-temperature
hardness and high-temperature strength of the hard phase. On
the other hand, if the amounts of these elements are too large,
too much of the carbides are precipitated, whereby wear of a
valve stem will be accelerated. Therefore, the composition of
the hard phase forming powder is set to include, by mass %,
410 8% of Mo, 0.5t0 3% of V, 4 to 8% of W, 2 to 6% of Cr, and
0.6t0 1.2% of C.

When the hard phase forming powder having the above
composition is used, since the amount of the hard phase
forming powder is 2 to 15 mass %, the overall composition
includes 0.08 to 1.2 mass % of Mo, 0.01 to 0.45 mass % of V,
0.08 to 1.2 mass % of W, and 0.04 to 0.9 mass % of Cr. In this
case, the amount of C added by the hard phase forming
powder corresponds to 0.012 to 0.18 mass % in the overall
composition. This amount is added to the amount of C which
is added to the raw powder in the form of a graphite powder.
The graphite powder will be described hereinafter.

Hard Phase (D)

The hard phase (D) includes hard particles made of molyb-
denum silicides and has an alloy matrix made of an iron-based
alloy. As the hard phase forming powder, a hard phase form-
ing powder consisting of, by mass %, 0.5 to 10% of Si, 10 to
50% of Mo, and the balance of Fe and inevitable impurities is
used. Therefore, ahard phase, in which molybdenum silicides
are dispersed in an iron-based alloy matrix, is formed.

Mo included in the hard phase forming powder reacts with
the Si which is also included in the hard phase forming pow-
der. As a result, Mo forms molybdenum silicides having

25

30

40

45

50

10

superior wear resistance and lubricating characteristics, and
thereby improves the wear resistance of the sintered alloy. If
the amount of Mo is less than 10 mass %, the molybdenum
silicides are not sufficiently obtained, whereby the effect for
improving the wear resistance is not sufficiently obtained. On
the other hand, if the amount of Mo is greater than 50 mass %,
the hard phase forming powder is hardened, whereby the
compressibility in compacting is decreased. In this case, a
brittle hard phase is formed. Therefore, a part of a sintered
alloy may be chipped by impact and may function as an
abrasive powder, thereby decreasing the wear resistance.
Accordingly, the amount of Mo is set to be 10 to 50 mass %.

Si included in the hard phase forming powder reacts with
Mo as described above. As a result, Si forms molybdenum
silicides having superior wear resistance and lubricating char-
acteristics, and thereby improves the wear resistance of the
sintered alloy. If the amount of Si is less than 0.5 mass %, the
molybdenum silicides are not sufficiently obtained, whereby
the effect for improving the wear resistance is not sufficiently
obtained. On the other hand, if the amount of Si is greater than
10 mass %, the hard phase forming powder is hardened,
whereby the compressibility in compacting is decreased. In
this case, Si forms an oxide layer on the surfaces of the hard
phase forming powder particles and prevents the hard phase
forming powder from dispersing in the powder of the base
alloy steel, whereby the fixability of the hard phase is
decreased. When the fixability is low, the hard phase may
exfoliate by impact in use and may function as an abrasive
powder, thereby decreasing the wear resistance. Therefore,
the amount of Si is set to be 0.5 to 10 mass %.

For these reasons, in the hard phase forming powder, the
amount of Mo is set to be 10 to 50 mass %, and the amount of
Siis setto be 0.5 to 10 mass %. When the hard phase forming
powder having the above composition is used, since the
amount of the hard phase forming powder is 2 to 15 mass %,
the overall composition includes 0.2 to 7.5 mass % of Mo and
0.01 to 1.5 mass % of Si.

Hard Phase (E)

The hard phase (E) has the composition of the hard phase
(D) and further includes at least one selected from the group
consisting of, by mass %, 0.5 to 10% of Cr, 0.5 to 10% of Ni,
and 0.5 to 5% of Mn, whereby the wear resistance is further
improved. In this case, the overall composition further
includes at least one selected from the group consisting of, by
mass %, 0.01 to 1.0% of Cr, 0.01 to 1.0% of Ni, and 0.01 to
0.5% of Mn.

Mn, Ni, and Cr strengthen the iron-based alloy matrix of
the hard phase. By strengthening the matrix, flow and loss of
the molybdenum silicides are prevented, and thereby superior
wear resistance is obtained even in severe conditions. More-
over, Mn, Ni, and Cr increase the fixability of the hard phase
with respect to the base alloy steel, whereby loss of the hard
phase is prevented, and the wear resistance is improved.

These effects are not sufficiently obtained if the amount of
Mn is less than 0.5 mass %, the amount of Cr is less than 0.5
mass %, and the amount of Ni is less than 0.5%. On the other
hand, if the amounts of Mn and Cr are greater than 5 mass %
and 10 mass %, respectively, each of the Mn and Cr forms an
oxide layer on the surfaces of the hard phase forming powder
particles and prevents the hard phase forming powder from
dispersing in the powder of the base alloy steel. As aresult, the
fixability of the hard phase is decreased. When the fixability
is low, the hard phase may exfoliate by impact in use and may
function as an abrasive powder, thereby decreasing the wear
resistance. If the amount of Ni is greater than 10 mass %, too
much of a soft austenite phase is formed in the iron-based
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alloy matrix by Ni dispersed in the iron-based alloy matrix.
Therefore, the strength and the wear resistance of the hard
phase are decreased.

Hard Phase (F)

The hard phase (F) includes hard particles made of molyb-
denum silicides and has an alloy matrix made of a cobalt-
based alloy. As the hard phase forming powder, a hard phase
forming powder consisting of, by mass %, 1.5 to 3.5% of Si,
710 11% of Cr, 26 to 30% of Mo, and the balance of Co and
inevitable impurities is used. Therefore, a hard phase, in
which molybdenum silicides are dispersed in a cobalt-based
alloy matrix, is formed.

Co is dispersed in the matrix of the sintered alloy and
strongly combines the hard phase to the matrix of the sintered
alloy. Moreover, Co dispersed in the matrix of the sintered
alloy strengthens the matrix and improves heat resistance of
the matrix and heat resistance of the matrix of the hard phase.
Furthermore, some of the Co combines with Mo and Si and
forms molybdenum-cobalt complex silicides, thereby
improving the wear resistance.

Mo combines mainly with Si and forms hard molybdenum
silicides, and some of the Mo reacts with Co and forms
molybdenum-cobalt complex silicides, thereby improving
the wear resistance. If the amount of Mo in the hard phase
forming powder is less than 26 mass %, the silicides are not
sufficiently precipitated. On the other hand, if the amount of
Mo is greater than 30 mass %, a large amount of the silicides
is formed, whereby wear of a mating part will be accelerated.

Si combines with Mo and Co and forms hard molybdenum
silicides and molybdenum-cobalt complex silicides, thereby
improving the wear resistance. If the amount of Si in the hard
phase forming powder is less than 1.5 mass %, the silicides
are not sufficiently precipitated. On the other hand, if the
amount of Si is greater than 3.5 mass %, the hard phase
forming powder is hardened, whereby the compressibility is
decreased. In this case, a large amount of the silicides is
formed, whereby wear of a mating part will be accelerated.

Cr is dispersed in the matrix of the sintered alloy, whereby
the matrix is strengthened by solid solution strengthening,
and quenchability of the matrix is improved. In addition, Cr
strongly combines the hard phase to the matrix of the sintered
alloy. Moreover, Cr combines with Co and forms a diffusive
phase around the hard phase, whereby the degree of impact in
abutting with a mating part is decreased. If the amount of Cr
in the hard phase forming powder is less than 7 mass %, the
above effects are not sufficiently obtained. On the other hand,
if the amount of Cr is greater than 11 mass %, the hard phase
forming powder is hardened, whereby the compressibility is
decreased.

When the hard phase forming powder having the above
composition is used, since the amount of the hard phase
forming powder is 2 to 15 mass %, the overall composition
includes 1.17 to 9.82 mass % of Co, 0.52 to 4.5 mass % of Mo,
0.03 to 0.525 mass % of Si, and 0.14 to 1.65 mass % of Cr.

One kind of the hard phases (A) to (F) may be dispersed in
the matrix of the sintered alloy, or more than one kind of the
hard phases (A) to (F) may be dispersed therein at a time. In
the case of using more than one kind of the hard phases, since
the above-described inconveniences are caused if the total
amount of the hard phase is too large, the upper limit of the
amount of the hard phase forming powder is set to be 15% as
described above.

In the metallic structure of the sintered valve guide, a free
graphite phase is preferably dispersed in the pores. Some of
the graphite powder, which is added to the raw powder, is
made to be not dispersed in the matrix and the hard phase in
sintering and is made to remain in the form of graphite. As a
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result, some of the graphite power is dispersed in the pores as
free graphite. The free graphite functions as a solid lubricant
and improves the machinability and the wear resistance of the
sintered alloy.

As described above, the graphite powder added to the raw
powder is dispersed in the matrix of the sintered alloy and
forms a pearlitic matrix and an iron-phosphorus-carbon com-
pound phase as well as a free graphite phase. If the amount of
the graphite powder in the raw powder is less than 1 mass %,
the above metallic structure is not easily obtained. On the
other hand, if the amount of the graphite powder is greater
than 3 mass %, too much of the iron-phosphorus-carbon
compound phase is formed, and a hard cementite (Fe,C) is
precipitated in the matrix of the sintered alloy, whereby the
machinability of the sintered alloy is decreased. Moreover, an
excessive amount of the graphite powder decreases the com-
pressibility of the raw powder and causes segregation and low
flowability of the raw powder. Furthermore, the ratio of the
matrix of the sintered alloy is decreased, and thereby strength
of'the sintered alloy is decreased. Accordingly, the amount of
the graphite powder in the raw powder is set to be 1 to 3 mass
%.

In order to obtain the above metallic structure, the sintering
is performed at a heating temperature of 950 to 1050° C.in a
nonoxidizing atmosphere. If the heating temperature is lower
than 950° C. in sintering, reaction in the sintering does not
sufficiently proceed, and the strength of the sintered alloy will
be remarkably low. On the other hand, if the heating tempera-
ture is higher than 1050° C. in sintering, the iron-phosphorus-
carbon compound phase is formed with a netlike appearance,
whereby the wear resistance and the machinability are
decreased. Moreover, the free graphite may not be formed.

In the production method for the sintered valve guide ofthe
present invention, a common technique of a powder metal-
lurgical method may be used. That is, the raw powder may be
filled into a tube-shaped cavity of a die assembly, the raw
powder may be compacted into a green compact having a tube
shape, and the green compact may be sintered.

A cross section of a metallic structure of a sintered valve
guide obtained by the above-described production method is
schematically shown in FIG. 1. The metallic structure is made
of'a matrix, pores, and a graphite phase dispersed in the pores,
and the matrix includes a pearlite phase, an iron-phosphorus-
carbon compound phase, a hard phase, and a copper-tin alloy
phase. The hard phase is dispersed in a condition in which
hard particles are concentrated in an iron-based alloy or a
cobalt-based alloy. A small amount of a ferrite phase is
formed around the iron-phosphorus-carbon compound phase.

In the sintered valve guide, by adding a powder of a
machinability improving material to the raw powder and by
dispersing the machinability improving material into the sin-
tered alloy, the machinability of the sintered alloy is
improved. As the machinability improving material, at least
one kind selected from the group consisting of manganese
sulfide, calcium fluoride, molybdenum disulfide, and magne-
sium metasilicate minerals is described. If the amount of the
machinability improving material dispersed in the sintered
alloy is too large, the sintering may be prevented, whereby the
strength of the sintered alloy is decreased. Therefore, it is
required to set the amount of the powder of the machinability
improving material added to the raw powder to be not greater
than 2.0 mass %, so that the amount of the machinability
improving material dispersed in the sintered alloy is not
greater than 2.0 mass %.
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EXAMPLES

The present invention will be described in further detail
with reference to practical examples hereinafter.

First Example

The effects of the amount of the hard phase forming pow-
der on characteristics of a sintered valve guide were investi-
gated. An atomized iron powder as an iron powder, an iron-
phosphorus alloy powder consisting of 20 mass % of P and the
balance of Fe and inevitable impurities, and a hard phase
forming powder consisting of 12 mass % of Cr, 1.5 mass % of
C, and the balance of Fe and inevitable impurities were pre-
pared. In addition, an electrolytic copper powder as a copper
powder, a copper-tin alloy powder consisting of 10 mass % of
Sn and the balance of Cu and inevitable impurities, and a
graphite powder were prepared. These powders were mixed
at the mixing ratios shown in Table 1, whereby raw powders
were obtained. The raw powders were compacted at a com-
pacting pressure of 6.0 ton/cm® and were formed into green
compacts with a tube shape. Some of the green compacts had
an outer diameter of 11 mm, an inner diameter of 6 mm, and
a length of 40 mm (for a wear test and a machinability test).
The other green compacts had an outer diameter of 18 mm, an
inner diameter of 10 mm, and a length of 10 mm (for a
compressive strength test). The green compacts were sintered
at 1000° C. for 60 minutes in a nonoxidizing atmosphere,
whereby sintered alloy samples of samples Nos. 01 to 08 were
obtained. The sample of the sample No. 08 was prepared as a
conventional example and was a sintered alloy sample as
disclosed in Japanese Examined Patent Publication No.
55-034858. The overall compositions of the samples are
shown in Table 2.
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In these samples, wear amount of a valve guide and wear
amount of a valve stem were measured by the wear test, and
compressive strength was measured by the compressive
strength test.

The wear test was performed as follows by using a wear
testing machine. The sintered alloy sample having the tube
shape was secured to the wear testing machine, and a valve
stem of a valve was inserted into the sintered alloy sample.
The valve was mounted at a lower end portion of a piston that
would be vertically reciprocated. Then, the valve was recip-
rocated at a stroke speed of 3000 times per minutes and at a
stroke length of 8 mm at 500° C. in an exhaust gas atmo-
sphere, and at the same time, a lateral load of 5 MPa was
applied to the piston. After the valve was reciprocated for 30
hours, wear amount (in pum) of the inner circumferential sur-
face of the sintered compact was measured.

The compressive strength test was performed as follows
according to the method described in Z2507 specified by the
Japanese Industrial Standard. A sintered alloy sample with a
tube shape had an outer diameter of D (mm), a wall thickness
of'e (mm), and a length of L (mm). The sintered alloy sample
was radially pressed by increasing the pressing load, and a
maximum load F (N) was measured when the sintered alloy
sample broke. Then, a compressive strength (N/mm?) was
calculated from the following first formula.

K=Fx(D-e)/(Lxe®) First formula

These results are shown in Table 2. It should be noted that
the wear amount of the valve guide is represented by the
symbol “VG”, and the wear amount of the valve stem is
represented by the symbol “VS” in the Tables.

TABLE 1

Mixing ratio mass %

Iron-
Sample Iron phosphorus Hard phase Copper  Copper-tin ~ Graphite

No. powder alloy powder formingpowder powder alloy powder powder Notes

01  Balance 1.40 — 7.00 — 2.00  Exceeds lower limit of amount of
hard phase forming powder

02  Balance 1.40 1.00 7.00 — 2.00  Exceeds lower limit of amount of
hard phase forming powder

03  Balance 1.40 2.00 7.00 — 2.00  Lower limit of amount of
hard phase forming powder

04  Balance 1.40 5.00 7.00 — 2.00

05  Balance 1.40 10.00 7.00 — 2.00

06  Balance 1.40 15.00 7.00 — 2.00  Upper limit of amount of
hard phase forming powder

07  Balance 1.40 20.00 7.00 — 2.00  Exceeds upper limit of amount of
hard phase forming powder

08  Balance 1.40 — — 5.00 2.00  Alloy disclosed in Japanese
Examined Patent Publication
No. 55-034858

TABLE 2
Composition Wear Compressive
Sample mass % amount pm strength

No. Fe P Cu Cr C Sn VG VS Total MPa Notes

01 Balance 028 7.00 — 200 — 69 1 70 672 Exceeds lower limit of amount of
hard phase forming powder

02 Balance 028 7.00 0.12 202 — 59 2 61 670 Exceeds lower limit of amount of
hard phase forming powder

03 Balance 028 7.00 024 203 — 52 1 53 659 Lower limit of amount of

hard phase forming powder
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Composition Wear Compressive
Sample mass % amount jum strength

No. Fe P Cu Cr C Sn VG VS Total MPa Notes

04 Balance 0.28 7.00 0.60 2.08 — 44 347 643

05  Balance 0.28 7.00 1.20 215 — 31 3 34 621

06 Balance 0.28 7.00 1.80 223 — 24 4 28 576 Upper limit of amount of
hard phase forming powder

07 Balance 0.28 7.00 240 230 — 37 14 51 512 Exceeds upper limit of amount of
hard phase forming powder

08 Balance 0.28 450 — 2.00 050 61 2 63 680 Alloy disclosed in Japanese
Examined Patent Publication
No. 55-034858
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According to the sintered alloy samples of the samples
Nos. 01 to 07 in Table 1 and 2, the effects of the amount of the
hard phase forming powder are shown.

In the sintered alloy sample of the sample No. 01, in which
the hard phase forming powder was not added and the hard
phase was not dispersed, the wear amount of the valve guide
was large and was greater than that of the conventional sin-
tered alloy sample (sample No. 08). This was because the
conventional sintered alloy sample (sample No. 08) included
Sn and had a matrix strengthened by Sn, whereas the sintered
alloy sample of the sample No. 01 did not include Sn and
thereby had a matrix with lower strength and lower wear
resistance. On the other hand, in the sintered alloy sample of
the sample No. 02, in which the hard phase forming powder
was added at 1 mass % and the hard phase was dispersed at 1
mass %, the wear amount of the valve guide was decreased.
Although the sintered alloy sample of the sample No. 02 did
not include Sn, the wear amount of the valve guide was
approximately equal to that of the conventional sintered alloy
sample (sample No. 08).

In the sintered alloy sample of the sample No. 03 in which
the amount of the hard phase forming powder was 2 mass %,
the wear amount of the valve guide was decreased by approxi-
mately 15%, and the wear resistance was improved. In the
sintered alloy sample (samples Nos. 04 to 06) in which the
hard phase forming powder was not more than 15 mass %, the
wear amount of the valve guide was decreased with an
increase in the amount of the hard phase forming powder.

As the amount of the hard phase forming powder was
increased, the wear amount of the valve stem was slightly
increased, but the wear amount of the valve guide was greatly
decreased, whereby the total wear amount was decreased. As
a result, the total wear amount was decreased to up to 44% of
that of the conventional sintered alloy sample (sample No.
08). However, in the sintered alloy sample of the sample No.
07, in which the amount of the hard phase forming powder
was more than 15 mass %, the amount of the hard phase
dispersed in the sintered alloy was too large. Therefore, the
wear characteristics with respect to the valve were increased,
and the wear amount of the valve stem was increased. More-
over, the wear particles of the valve stem acted as an abrasive
powder, whereby the wear amount of the valve guide was also
increased. Accordingly, the total wear amount was remark-
ably increased.

In the sintered alloy sample of the sample No. 01, in which
the hard phase forming powder was not added and the hard
phase was not dispersed, the compressive strength was the
highest. This compressive strength was slightly less than that
of the conventional sintered alloy sample (sample No. 08).
This was because the sintered alloy sample of the sample No.
01 did not include Sn and thereby the matrix was not strength-
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ened as described above. In the sintered alloy sample
(samples Nos. 02 to 07), in which the hard phase forming
powder was added, the compressive strength was less than
that of the sintered alloy sample of the sample No. 01, in
which the hard phase forming powder was not added and the
hard phase was not dispersed. In this case, all of the compres-
sive strengths were decreased with increase in the amount of
the hard phase forming powder. This was because the hard
phase having low strength was increased, and the compress-
ibility was decreased by the increase of the hard phase form-
ing powder in the raw powder. In the sintered alloy sample of
the sample No. 06 in which the amount of the hard phase
forming powder was 15 mass %, the compressive strength
was not less than 80% of that of the conventional sintered
alloy sample (sample No. 08). This degree of the compressive
strength was not a problem in practical use. On the other hand,
in the sintered alloy sample of the sample No. 07 in which the
amount of the hard phase forming powder was more than 15
mass %, the compressive strength was decreased to approxi-
mately 75% of that of the conventional sintered alloy sample
(sample No. 08).

As described above, by adding the hard phase forming
powder to the raw powder and by dispersing the hard phase in
the sintered alloy, the wear resistance of the valve guide was
improved. By adding 2 to 15 mass % of the hard phase
forming powder, the wear resistance was improved to be
greater than that of the conventional sintered alloy. Although
the compressive strength was decreased by adding 2 to 15
mass % of the hard phase forming powder to the raw powder,
the degree of the decrease in the compressive strength was not
a problem in practical use.

Second Example

The effects of the amounts of Cr and C in the hard phase
forming powder on the characteristics of a sintered valve
guide were investigated. The iron powder, the iron-phospho-
rus alloy powder, the copper powder, the copper-tin alloy
powder, and the graphite powder, all of which were used in
the First Example, were prepared. In addition, hard phase
forming powders including different amounts of Cr and C
were prepared. These powders were mixed at mixing ratios
shown in Table 3, and raw powders were obtained. The raw
powders were formed into sintered alloy samples in the same
manner as those in the First Example, whereby sintered alloy
samples of samples Nos. 09 to 22 were obtained. The wear
test and the compressive strength test were performed on
these sintered alloy samples under the same conditions as
those in the First Example, and the wear amounts and the
compressive strengths were measured. The overall composi-
tions and the test results of these samples are shown in Table
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4. Tt should be noted that the values of the sintered alloy tional sintered alloy sample of the sample No. 08 in the First
sample of the sample No. 05 and the values of the conven- Example are also shown in Table 3 and 4.
TABLE 3

Mixing ratio mass %

Iron- Hard phase
Sample Iron phosphorus forming powder Copper  Copper-tin ~ Graphite
No. powder alloy powder Fe Cr C  powder alloypowder powder Notes
09  Balance 1.40 10.00 Balance  2.00 1.50 7.00 — 2.00  Exceeds lower limit of Cr amount
in hard phase forming powder
10 Balance 1.40 10.00 Balance  4.00 1.50 7.00 — 2.00  Lower limit of Cr amount
in hard phase forming powder
11 Balance 1.40 10.00 Balance  8.00 1.50  7.00 — 2.00
05  Balance 1.40 10.00 Balance 12.00 1.50  7.00 — 2.00
12 Balance 1.40 10.00 Balance 16.00 1.50  7.00 — 2.00
13 Balance 1.40 10.00 Balance 20.00 1.50  7.00 — 2.00
14 Balance 1.40 10.00 Balance 25.00 1.50 7.00 — 2.00  Upper limit of Cr amount
in hard phase forming powder
15  Balance 1.40 10.00 Balance 30.00 1.50 7.00 — 2.00  Exceeds upper limit of Cr amount
in hard phase forming powder
16  Balance 1.40 10.00 Balance 12.00 0.10 7.00 — 2.00  Exceeds lower limit of C amount
in hard phase forming powder
17 Balance 1.40 10.00 Balance 12.00 0.25 7.00 — 2.00  Lower limit of C amount
in hard phase forming powder
18  Balance 1.40 10.00 Balance 12.00 0.50  7.00 — 2.00
19  Balance 1.40 10.00 Balance 12.00 1.00  7.00 — 2.00
05  Balance 1.40 10.00 Balance 12.00 1.50  7.00 — 2.00
20  Balance 1.40 10.00 Balance 12.00 2.00  7.00 — 2.00
21  Balance 1.40 10.00 Balance 12.00 2.40 7.00 — 2.00  Upper limit of C amount
in hard phase forming powder
22 Balance 1.40 10.00 Balance 12.00 2.60 7.00 — 2.00  Exceeds upper limit of C amount
in hard phase forming powder
08  Balance 1.40 — — 5.00 2.00  Alloy disclosed in Japanese
Examined Patent Publication
No. 55-034858
TABLE 4
Wear Compressive
Sample Composition mass % amount pm strength
No. Fe P Cu Cr C Sn VG VS Total MPa Notes
09 Balance 028 7.00 020 215 — 60 2 62 582 Exceeds lower limit of Cr amount
in hard phase forming powder
10 Balance 0.28 7.00 040 215 — 48 2 50 593 Lower limit of Cr amount
in hard phase forming powder
11  Balance 0.28 7.00 0.80 215 — 37 1 38 608
05 Balance 028 7.00 120 215 — 31 3 34 621
12 Balance 0.28 7.00 1.60 215 — 26 4 30 614
13 Balance 0.28 7.00 2.00 215 — 24 4 28 603
14 Balance 0.28 7.00 250 215 — 25 7 32 591 Upper limit of Cr amount
in hard phase forming powder
15 Balance 028 7.00 3.00 215 — 41 11 52 565 Exceeds upper limit of Cr
amount
16  Balance 0.28 7.00 1.20 201 — 59 2 61 580 Exceeds lower limit of C amount
in hard phase forming powder
17 Balance 0.28 7.00 1.20 203 — 46 2 M 600 Lower limit of C amount
in hard phase forming powder
18  Balance 0.28 7.00 1.20 205 — 41 3 44 613
19  Balance 0.28 7.00 120 210 — 37 2 39 622
05 Balance 028 7.00 120 215 — 31 3 34 621
20  Balance 028 7.00 1.20 220 — 27 3 30 597
21 Balance 028 7.00 120 224 — 31 5 36 576 Upper limit of C amount
in hard phase forming powder
22 Balance 0.28 7.00 1.20 226 — 44 9 33 552 Exceeds upper limit of C amount
in hard phase forming powder
08 Balance 0.28 450 — 200 050 61 2 63 680 Alloy disclosed in Japanese

Examined Patent Publication
No. 55-034858
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According to the sintered alloy samples of the samples
Nos. 05 and 09 to 15 in Table 3 and 4, the effects of the amount
of Cr in the hard phase forming powder are shown.

In the sintered alloy sample of the sample No. 09 in which
the amount of Cr in the hard phase forming powder was 2
mass % and the amount of Cr in the overall composition was
0.2 mass %, the wear amount of the valve guide was approxi-
mately equal to that of the conventional sintered alloy sample
(sample No. 08). On the other hand, in the sintered alloy
sample of the sample No. 10 in which the amount of Cr in the
hard phase forming powder was 4 mass % and the amount of
Cr in the overall composition was 0.4 mass %, the chromium
carbides were sufficiently precipitated in the hard phase,
whereby the wear resistance of the sintered alloy was
improved. As a result, the wear amount of the valve guide was
decreased by 20% compared to that of the conventional sin-
tered alloy sample (sample No. 08). In the sintered alloy
sample (samples Nos. 10, 11, 05, 12, and 13) in which the
amount of Cr in the hard phase forming powder was not more
than 20 mass % (the amount of Cr in the overall composition
was not more than 2 mass %), as the amount of Cr was
increased, the amount of the chromium carbides dispersed in
the hard phase was increased, whereby the wear amount of
the valve guide was decreased.

As the amount of Cr in the hard phase forming powder was
increased, since the amount of the hard chromium carbides
precipitated in the hard phase was increased, the wear amount
of the valve stem was slightly increased. However, the total
wear amount was decreased to up to approximately 45% of
that of'the conventional sintered alloy sample (sample No. 08)
because the wear amount of the valve guide was greatly
decreased. When the amount of Cr in the hard phase forming
powder was further increased, according to the sintered alloy
sample of the sample No. 14 in which the amount of Cr was
25 mass % (the amount of Cr in the overall composition was
2.5 mass %), the total wear amount was slightly increased.
This was because the amount of the chromium carbides pre-
cipitated in the hard phase was increased and thereby the wear
amount of the valve stem was slightly increased, whereas the
wear amount of the valve guide was decreased. In the sintered
alloy sample of the sample No. 15 in which the amount of Cr
in the hard phase forming powder was more than 25 mass %
(the amount of Cr in the overall composition was more than
2.5 mass %), the amount of the chromium carbides precipi-
tated in the hard phase was too large. Therefore, the wear
amount of the valve stem was increased, and the wear amount
of the valve guide was also increased because the wear par-
ticles of the valve stem acted as an abrasive powder. Accord-
ingly, the total wear amount was remarkably increased.

As the amount of Cr in the hard phase forming powder was
increased, the amount of Cr dispersed from the hard phase
forming powder to the matrix of the sintered alloy was
increased, whereby the matrix was strengthened. Therefore,
the compressive strength was increased while the amount of
Cr in the hard phase forming powder was not more than 12
mass % (the amount of Cr in the overall composition was not
more than 1.2 mass %) (samples Nos. 09 to 11, and 05). On
the other hand, when the amount of Cr in the hard phase
forming powder was more than 12 mass % (the amount of Cr
in the overall composition was more than 1.2 mass %)
(samples Nos. 12 to 15), the compressive strength was
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decreased. In this case, the amount of Cr in the hard phase
forming powder was large, whereby the hardness of the hard
phase forming powder was increased. Therefore, the com-
pressibility of the raw powder was decreased, and the green
compact density was decreased. As aresult, the density of the
sintered alloy was decreased, and the strength of the sintered
alloy was decreased. In the sample of the sample No. 15 in
which the amount of Cr in the hard phase forming powder was
more than 25 mass % (the amount of Cr in the overall com-
position was more than 2.5 mass %), the compressive strength
was not less than 80% of that of the conventional sintered
alloy sample (sample No. 08).

As described above, when the amount of Cr in the hard
phase forming powder was in the range of 4 to 25 mass %, and
the amount of Cr in the overall composition was in the range
0t 0.4 to 2.5 mass %, the wear resistance was improved, and
the degree of the compressive strength was not a problem in
practical use.

According to the sintered alloy samples of the samples
Nos. 05 and 16 to 22 in Table 3 and 4, the effects of C in the
hard phase forming powder are shown.

In the sintered alloy sample of the sample No. 16 in which
the amount of C in the hard phase forming powder was 0.1
mass %, the wear amount of the valve guide was large. This
was because the amount of C in the hard phase forming
powder was small, and thereby the amount of the chromium
carbides precipitated in the hard phase forming powder was
small. On the other hand, in the sintered alloy sample of the
sample No. 17 in which the amount of C in the hard phase
forming powder was 0.25 mass %, the amount of the chro-
mium carbides precipitated in the hard phase was increased.
Therefore, the wear resistance of the sintered alloy was
improved, and the wear amount of the valve guide was
decreased by approximately 25% compared to that of the
conventional sintered alloy sample (sample No. 08). In the
sintered alloy sample (samples Nos. 18, 19, 05, and 20) in
which the amount of C in the hard phase forming powder was
not more than 2 mass %, the wear amount of the valve guide
was decreased. This was because the amount of the chromium
carbides dispersed in the hard phase was increased with
increase in the amount of C in the hard phase forming powder.

As the amount of C in the hard phase forming powder was
increased, since the amount of the hard chromium carbides
precipitated in the hard phase was increased, the wear amount
of the valve stem was slightly increased. However, the total
wear amount was decreased to up to approximately 50% of
that of'the conventional sintered alloy sample (sample No. 08)
because the wear amount of the valve guide was greatly
decreased. When the amount of C in the hard phase forming
powder was further increased, according to the sintered alloy
sample of the sample No. 21 in which the amount of C in the
hard phase forming powder was 2.4 mass %, the hard phase
forming powder was hardened. Therefore, the compressibil-
ity of the raw powder was decreased, and the green compact
density was decreased. As a result, the density of the sintered
compact was decreased, and the strength of the sintered alloy
was decreased, whereby the wear amount of the valve guide
was increased. Moreover, the amount of the chromium car-
bides precipitated in the hard phase was increased, whereby,
the wear amount of the valve stem was slightly increased.
Accordingly, the total wear amount was slightly increased. In
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the sintered alloy sample of the sample No. 22 in which the
amount of C in the hard phase forming powder was more than
2.4 mass %, the amount of the chromium carbides precipi-
tated in the hard phase was too large. Therefore, the wear
amount of the valve stem was increased, and the wear amount
of the valve guide was also increased because the wear par-
ticles of the valve stem acted as an abrasive powder. Accord-
ingly, the total wear amount was remarkably increased.

22

solid-solved in the matrix. This was because the amount of the
hard chromium carbides precipitated in the powder was
increased with the increase in the amount of C in the hard
phase forming powder. Therefore, the hardness of the hard
phase forming powder was increased, whereby the compress-
ibility of the raw powder was decreased. Accordingly, the
compressive strength was decreased with the increase in the
amount of C in the hard phase forming powder. In this case,
when the amount of C in the hard phase forming powder was
not more than 2.4 mass %, the compressive strength was not

In the sintered alloy sample of the sample No. 16 in which 10 joc than 80% of that of the conventional sintered alloy
the amount of C in the hard phase forming powder was 0.1 sample (sample No. 08) and reached a practical level.
mass %, the reason for the increase in the wear amount of the As described above, when the amount of C in the hard
valve guide may be further described as follows. That is, phase forming powder was in the range 0f 0.25 to 2.4 mass %,
when the amount of C was 0.1 mass %, the amount of C was the wear resistance was improved, and the degree of the
small compared with the amount of Cr in the hard phase 1° compressive strength was not a problem in practical use.
forming powder. Therefore, the amount of Cr solid-solved in
the matrix of the hard phase forming powder was increased, Third Example
whereby the hard phase forming powder was hardened.

Accordingly, the compressibility of the raw powder was The effects of the amounts of Mo and V in the hard phase
decreased. 20 forming powder on the characteristics of a sintered valve

When the amount of C in the hard phase forming powder  guide were investigated. The iron powder, the iron-phospho-
was 11}0reased, the amount gf the chromlum carbides precipi- rus alloy powder, the copper powder, the copper-tin alloy
tated in the hard phase formu}g powder was increased, and the powder, and the graphite powder, all of which were used in
amount of Cr solid-solved in the matrix of the hard phase he First ) 4 In addition. hard ph
forming powder was decreased. Therefore, the hardness of 23 the st bhxample, Were preparec. mn adaiiion, harc phase
the matrix of the hard phase forming powder was decreased. forming powders having comp051.t10ns ShOWI.l m Table S were
In the sintered alloy sample (samples Nos. 17 to 19) in which prepared. These powders were mixed at mixing ratios shown
the amount of C in the hard phase forming powder was not in Table 5 and raw powders were obtained. The raw powders
more than 1 mass %, the effect for decreasing the hardness of ~ were formed into sintered alloy samples in the same manner
the powder due to the decrease in the amount of Cr solid- 3 as those in the First Example, whereby sintered alloy samples
solved in the matrix of the powder was great. Therefore, the of the samples Nos. 23 to 30 were obtained. The wear test and
hardness of the ha.rd. Phase forming powder was (.1ecreased, the compressive strength test were performed on these sin-
and the compressibility of the raw powder was improved. tered alloy samples under the same conditions as those in the
Accordingly, the green compact den.sr[y wasincreased, 35 First Example, and the wear amounts and the compressive
whereby the compressive strength was increased. i,

On the other hand, in the sintered alloy sample (samples strengths were measured. The overall.composmons and the
Nos. 05 and 20 to 22) in which the amount of C in the hard test results of these samples are shown in Table 6. It should be
phase forming powder was more than 1 mass %, the effect for noted that the values of the sintered alloy sample of the
increasing the hardness of the powder due to the chromium sample No. 05 and the values of the conventional sintered
carbides was greater than the effect for decreasing the hard- 4° alloy sample of the sample No. 08 in the First Example are
ness of the powder due to the decrease in the amount of Cr also shown in Table 6.

TABLE 5

Mixing ratio mass %

Tron- Copper-tin
Sample Iron phosphorus Hard phase forming powder Copper alloy Graphite
No. powder alloy powder Fe Cr C Mo \' powder  powder powder Notes
05 Balance 1.40 10.00 Balance 12.00 150 — — 7.00 — 2.00
23 Balance 1.40 10.00 Balance 12.00 1.50 0.30 — 7.00 — 2.00  Lower limit of Mo amount
in hard phase forming powder
24  Balance 1.40 10.00 Balance 12.00 1.50 1.50 — 7.00 — 2.00
25  Balance 1.40 10.00 Balance 12.00 1.50 3.00 — 7.00 — 2.00  Upper limit of Mo amount
in hard phase forming powder
26  Balance 1.40 10.00 Balance 12.00 1.50 5.00 — 7.00 — 2.00  Exceeds upper limit of Mo amount
in hard phase forming powder
05 Balance 1.40 10.00 Balance 12.00 150 — — 7.00 — 2.00
27  Balance 1.40 10.00 Balance 12.00 1.50 — 0.20 7.00 — 2.00  Lower limit of V amount
in hard phase forming powder
28  Balance 1.40 10.00 Balance 12.00 150 — 1.50 7.00 — 2.00
29  Balance 1.40 10.00 Balance 12.00 1.50 — 2.20 7.00 — 2.00  Upper limit of V amount
in hard phase forming powder
30  Balance 1.40 10.00 Balance 12.00 1.50 — 4.00 7.00 — 2.00  Exceeds upper limit of V amount
in hard phase forming powder
08  Balance 1.40 — — 5.00 2.00  Alloy disclosed in Japanese

Examined Patent Publication
No. 55-034858
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TABLE 6
Wear Compressive
Sample Composition mass % amount pm strength

No. Fe P Cu Cr C Mo \ Sn VG VS Total MPa Notes
05  Balance 0.28 7.00 1.20 215 0.00 — — 31 3 34 621
23 Balance 0.28 7.00 1.20 215 0.03 — — 27 3 30 618 Lower limit of Mo amount

in hard phase forming powder
24 Balance 0.28 7.00 1.20 215 0.15 — — 24 3 27 612
25 Balance 0.28 7.00 1.20 215 030 — — 26 4 30 602 Upper limit of Mo amount

in hard phase forming powder
26  Balance 0.28 7.00 1.20 215 050 — — 40 9 49 579 Exceeds upper limit of Mo amount

in hard phase forming powder
05 Balance 028 7.00 1.20 215 — 000 — 31 3 34 621
27 Balance 028 7.00 1.20 215 — 002 — 28 2 30 617 Lower limit of V amount

in hard phase forming powder
28 Balance 028 7.00 1.20 215 — 015 — 24 2 26 609
29 Balance 0.28 7.00 1.20 215 — 022 — 27 4 31 600 Upper limit of V amount

in hard phase forming powder
30 Balance 0.28 7.00 1.20 215 — 040 — 42 8 50 581 Exceeds upper limit of V amount

in hard phase forming powder
08 Balance 0.28 450 — 200 — — 050 61 2 63 680 Alloy disclosed in Japanese

Examined Patent Publication
No. 55-034858

According to the sintered alloy samples of the samples
Nos. 05 and 23 to 26 in Table 5 and 6, the effects of adding Mo
to the hard phase forming powder are shown.

Compared to the sintered alloy sample of the sample No.
05 which did not include Mo in the hard phase forming
powder, in the sintered alloy samples of the samples Nos. 23
to 25 in which the amount of Mo in the hard phase forming
powder was 0.3 to 3 mass %, not only the chromium carbides
but also the molybdenum carbides were precipitated in the
hard phase. Therefore, the wear resistances of the sintered
alloys were improved, whereby the wear amounts ofthe valve
guides were decreased, and the total wear amounts were also
decreased. On the other hand, when the amount of Mo in the
hard phase forming powder was more than 3 mass %, the
amount of the carbides in the hard phase was too large. There-
fore, the wear amount of the valve stem was increased, and the
wear amount of the valve guide was also increased because
the wear particles of the valve stem acted as an abrasive
powder. As a result, the total wear amount was remarkably
increased.

Compared to the sintered alloy sample of the sample No.
05 which did not include Mo in the hard phase forming
powder, the compressive strength was decreased by adding
Mo in the hard phase forming powder and was decreased with
the increase in the amount of Mo. In this case, when the
amount of Mo was in the above test range, the compressive
strength was not less than 80% of that of the conventional
sintered alloy sample (sample No. 08) and reached a practical
level.

As described above, by adding 0.3 to 3 mass % of Mo to the
hard phase forming powder, the wear resistance of the sin-
tered alloy was more improved, and the degree of the com-
pressive strength was not a problem in practical use.

According to the sintered alloy samples of the samples
Nos. 05 and 27 to 30 in Table 5 and 6, the effects of adding V
to the hard phase forming powder are shown.

Compared to the sintered alloy sample of the sample No.
05 which did not include V in the hard phase forming powder,
in the sintered alloy samples of the samples Nos. 27 to 29 in
which the amount of V in the hard phase forming powder was
0.2 t0 2.2 mass %, not only the chromium carbides but also the
vanadium carbides were precipitated in the hard phase.
Therefore, the wear resistances of the sintered alloys were
improved, whereby the wear amounts of the valve guides
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were decreased, and the total wear amounts were also
decreased. On the other hand, when the amount of V in the
hard phase forming powder was more than 2.2 mass %, the
amount of the carbides in the hard phase was too large. There-
fore, the wear amount of the valve stem was increased, and the
wear amount of the valve guide was also increased because
the wear particles of the valve stem acted as an abrasive
powder. As a result, the total wear amount was remarkably
increased.

Compared to the sintered alloy sample of the sample No.
05 which did not include V in the hard phase forming powder,
the compressive strength was decreased by adding V in the
hard phase forming powder and was decreased with the
increase in the amount of V. In this case, when the amount of
V was in the above test range, the compressive strength was
not less than 80% of that of the conventional sintered alloy
sample (sample No. 08) and reached a practical level.

As described above, by adding 0.2 to 2.2 mass % of V to the
hard phase forming powder, the wear resistance of the sin-
tered alloy was more improved, and the degree of the com-
pressive strength was not a problem in practical use.

Fourth Example

The effect of the amount of the graphite powder on the
characteristics of a sintered valve guide was investigated. The
iron powder, the iron-phosphorus alloy powder, the hard
phase forming powder, the copper powder, the copper-tin
alloy powder, and the graphite powder, all of which were used
in the First Example, were prepared. These powders were
mixed at mixing ratios shown in Table 7, and raw powders
were obtained. The raw powders were formed into sintered
alloy samples in the same manner as those in the First
Example, whereby sintered alloy samples of the samples Nos.
31 to 36 were obtained. The wear test and the compressive
strength test were performed on these sintered alloy samples
under the same conditions as those in the First Example, and
the wear amounts and the compressive strengths were mea-
sured. The overall compositions and the test results of these
samples are shown in Table 8. It should be noted that the
values of the sintered alloy sample of the sample No. 05 and
the values of the conventional sintered alloy sample of the
sample No. 08 in the First Example are also shown in Table 8.
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Mixing ratio mass %

Iron- Hard phase
Sample Iron phosphorus forming Copper  Copper-tin ~ Graphite
No. powder alloy powder powder powder alloy powder powder Notes
31 Balance 1.40 10.00 7.00 — 0.50  Exceeds lower limit of graphite amount
in hard phase forming powder
32  Balance 1.40 10.00 7.00 — 1.00  Lower limit of graphite amount
in hard phase forming powder
33 Balance 1.40 10.00 7.00 — 1.50
05  Balance 1.40 10.00 7.00 — 2.00
34  Balance 1.40 10.00 7.00 — 2.50
35  Balance 1.40 10.00 7.00 — 3.00  Upper limit of graphite amount
in hard phase forming powder
36  Balance 1.40 10.00 7.00 — 3.50  Exceeds upper limit of graphite amount
in hard phase forming powder
08  Balance 1.40 — — 5.00 2.00  Alloy disclosed in Japanese Examined
Patent Publication No. 55-034858
TABLE 8
Wear Compressive
Sample Composition mass % amout pm strength
No. Fe P Cu Cr C Sn VG VS Total MPa Notes
31 Balance 0.28 7.00 1.20 0.65 — 68 1 69 705 Exceeds lower limit of graphite amount
in hard phase forming powder
32  Balance 0.28 7.00 120 115 — 53 2 55 682 Lower limit of graphite amount
in hard phase forming powder
33 Balance 0.28 7.00 1.20 1.65 — 39 2 41 651
05  Balance 0.28 7.00 1.20 215 — 31 3 34 621
34 Balance 0.28 7.00 1.20 2.65 — 26 4 30 585
35 Balance 0.28 7.00 120 315 — 30 8 38 546 Upper limit of graphite amount
in hard phase forming powder
36 Balance 0.28 7.00 1.20 3.65 — 33 10 48 440 Exceeds upper limit of graphite amount
in hard phase forming powder
08 Balance 0.28 450 — 2.00 050 61 2 63 680 Alloy disclosed in Japanese Examined

Patent Publication No. 55-034858

According to the sintered alloy samples of the samples
Nos. 05 and 31 to 36 in Table 7 and 8, the effects of the amount
of the graphite powder are shown.

In the sintered alloy sample of the sample No. 31 in which
the amount of the graphite powder was 0.5 mass %, the
amount of the graphite powder was insufficient, whereby the
iron-phosphorus-carbon compound phase was not suffi-
ciently formed in the matrix, and free graphite did not suffi-
ciently remain in the pores. Therefore, the wear amount of the
valve guide was large and was greater than that of the con-
ventional sintered alloy sample (sample No. 08). On the other
hand, in the sintered alloy sample of the sample No. 32 in
which the amount of the graphite powder was 1 mass %, the
iron-phosphorus-carbon compound phase was sufficiently
formed in the matrix, and free graphite sufficiently remained
in the pores. Therefore, the wear resistance of the sintered
alloy was improved, and the wear amount of the valve guide
was less than that of the conventional sintered alloy sample
(sample No. 08).

As the amount of the graphite powder was increased, the
amount of the iron-phosphorus-carbon compound phase
formed in the matrix and the amount of the free graphite
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remaining in the pores were increased. Therefore, in the sin-
tered alloy sample (samples Nos. 33, 05, and 34) in which the
amount of the graphite powder was not greater than 2.5 mass
%, the wear amount of the valve guide was decreased. As the
amount of the graphite powder was increased, the wear
amount of the valve stem slightly increased, but the wear
amount of the valve guide greatly decreased, whereby the
total wear amount was decreased. As a result, the total wear
amount was decreased to up to approximately half of that of
the conventional sintered alloy sample (sample No. 08).
When the amount of the graphite powder was further
increased, according to the sintered alloy sample (sample No.
35) in which the amount of the graphite powder was 3 mass
%, the amount of the iron-phosphorus-carbon compound
phase and the amount of the chromium carbides precipitated
in the hard phase were increased. Therefore, the strength of
the matrix of the sintered alloy was decreased, whereby the
wear amount of the valve guide was increased. In addition, the
wear characteristics with respect to the valve stem were
increased, whereby the wear amount of the valve stem was
increased. In the sintered alloy sample (sample No. 36) in
which the amount of the graphite powder was more than 3
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mass %, the amount of the iron-phosphorus-carbon com-
pound phase and the amount of the chromium carbides pre-
cipitated in the hard phase were too large. Therefore, the
strength of the matrix of the sintered alloy was remarkably
decreased, whereby the wear amount of the valve guide was
increased. In addition, the wear characteristics with respectto
the valve stem were increased, whereby the wear amount of
the valve stem was further increased.

In the sintered alloy sample of the sample No. 31 in which
the amount of the graphite powder was 0.5 mass %, the
compressive strength was high. The compressive strength
was decreased with the increase in the amount of the graphite
powder. In this case, in the sintered alloy sample (sample No.
35) in which the amount of the graphite powder was 3 mass
%, the compressive strength was approximately 80% of that
of'the conventional sintered alloy sample (sample No. 08) and
reached a practical level. On the other hand, in the sintered
alloy sample (sample No. 36) in which the amount of the
graphite powder was more than 3 mass %, the compressive
strength was remarkably decreased.

As described above, when the amount of the graphite pow-
der was in the range of 1 to 3 mass %, the wear resistance of
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the valve guide was improved, and the degree of the compres-
sive strength was not a problem in practical use.

Fifth Example

The effects of the amount of the copper powder on the
characteristics of a sintered valve guide were investigated.
The iron powder, the iron-phosphorus alloy powder, the hard
phase forming powder, the copper powder, the copper-tin
alloy powder, and the graphite powder, all of which were used
in the First Example, were prepared. These powders were
mixed at mixing ratios shown in Table 9, and raw powders
were obtained. The raw powders were formed into sintered
alloy samples in the same manner as those in the First
Example, whereby sintered alloy samples of the samples Nos.
37 to 42 were obtained. The wear test and the compressive
strength test were performed on these sintered alloy samples
under the same conditions as those in the First Example, and
the wear amounts and the compressive strengths were mea-
sured. The overall compositions and the test results of these
samples are shown in Table 10. It should be noted that the
values of the sintered alloy sample of the sample No. 05 and
the values of the conventional sintered alloy sample of the
sample No. 08 in the First Example are also shown in Table
10.

TABLE 9

Mixing ratio mass %

Iron- Hard phase
Sample Iron phosphorus forming Copper  Copper-tin ~ Graphite
No. powder alloy powder powder powder alloy powder powder Notes
37  Balance 1.40 10.00 — — 2.00  Exceeds lower limit of Cu amount
in hard phase forming powder
38  Balance 1.40 10.00 1.50 — 2.00  Exceeds lower limit of Cu amount
in hard phase forming powder
39  Balance 1.40 10.00 3.00 — 2.00  Lower limit of Cu amount
in hard phase forming powder
40  Balance 1.40 10.00 5.00 — 2.00
05  Balance 1.40 10.00 7.00 — 2.00
41  Balance 1.40 10.00 10.00 — 2.00  Upper limit of Cu amount
in hard phase forming powder
42  Balance 1.40 10.00 12.00 — 2.00  Exceeds upper limit of Cu amount
in hard phase forming powder
08  Balance 1.40 — — 5.00 2.00  Alloy disclosed in Japanese
Examined Patent Publication
No. 55-034858
TABLE 10
Wear Compressive
Sample Composition mass % amount pm strength
No. Fe P Cu Cr C Sn VG VS Total MPa Notes
37 Balance 028 — 120 215 — 47 2 49 401 Exceeds lower limit of Cu amount
in hard phase forming powder
38 Balance 028 150 1.20 215 — 42 2 44 446 Exceeds lower limit of Cu amount
in hard phase forming powder
39 Balance 028 3.00 1.20 215 — 38 3 41 527 Lower limit of Cu amount
in hard phase forming powder
40  Balance 0.28 35.00 1.20 215 — 33 2 35 578
05 Balance 028 7.00 1.20 215 — 31 2 33 621
41  Balance 0.28 10.00 120 215 — 30 2 32 648 Upper limit of Cu amount
in hard phase forming powder
42  Balance 0.28 12.00 120 215 — 29 2 31 651 Exceeds upper limit of Cu amount
in hard phase forming powder
08 Balance 0.28 4.50 2.00 050 61 2 63 680 Alloy disclosed in Japanese

Examined Patent Publication
No. 55-034858
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According to the sintered alloy samples of the samples
Nos. 05 and 37 to 42 in Table 9 and 10, the effects of the
amount of the copper powder are shown.

In the sintered alloy sample of the sample No. 37 which did
not include the copper powder, the iron-phosphorus-carbon
compound phase, the hard phase, and the free graphite were
sufficiently dispersed in the matrix of the sintered alloy.
Therefore, the wear amount of the valve guide was approxi-
mately 78% of that of the conventional sintered alloy sample
(sample No. 08), and the wear resistance was superior. More-
over, when Cu was added to the sintered alloy by adding the
copper powder, the soft copper phase was dispersed, and the
matrix of the sintered alloy was strengthened, whereby the
wear amount of the valve guide was further decreased. The
wear amount of the valve guide was decreased with the
increase in the amount of Cu and was decreased to up to
approximately 50% of that of the conventional sintered alloy
sample (sample No. 08). In this case, when the amount of the
copper powder was greater than 10 mass %, and the amount of
Cu in the overall composition was greater than 10 mass %, the
effect for decreasing the wear amount was not further
improved.

In the sintered alloy sample of the sample No. 37 which did
not include the copper powder, the strength of the matrix of
the sintered alloy was low, whereby the compressive strength
was low. When Cu was added to the sintered alloy by adding
the copper powder, the matrix of the sintered alloy was
strengthened, whereby the compressive strength was
improved. In addition, as the amount of Cu in the overall
composition was increased by increasing the amount of the
copper powder, the compressive strength was improved. In
the sintered alloy sample of the sample No. 38 in which the
amount of the copper powder was 1.5 mass % and the amount
of Cu in the overall composition was 1.5 mass %, the matrix
of the sintered alloy was strengthened. In this case, the com-
pressive strength was increased but did not reach a practical
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level. On the other hand, in the sintered alloy sample of the
sample No. 39 in which the amount of the copper powder was
3 mass % and the amount of Cu in the overall composition
was 3 mass %, the compressive strength reached the practical
degree. When the amount of the copper powder was greater
than 10 mass %, and the amount of Cu in the overall compo-
sition was greater than 10 mass %, the compressive strength
was not much further improved.

As described above, in view of the strength of the sintered
alloy, the amount of Cu in the overall composition was set to
be not less than 3 mass %. Moreover, since the effects for
improving the wear resistance and the strength were not effi-
ciently increased for the increase of the amount of Cu, the
upper limit of the amount of Cu was set to be 10 mass %.

Sixth Example

The effect of the amount of tin on the characteristics of a
sintered valve guide was investigated. The iron powder, the
iron-phosphorus alloy powder, the hard phase forming pow-
der, the copper powder, the copper-tin alloy powder, and the
graphite powder, all of which were used in the First Example,
were prepared. These powders were mixed at mixing ratios
shown in Table 11, and raw powders were obtained. The raw
powders were formed into sintered alloy samples in the same
manner as those in the First Example, whereby sintered alloy
samples of the samples Nos. 43 to 46 were obtained. The wear
test and the compressive strength test were performed on
these sintered alloy samples under the same conditions as
those in the First Example, and the wear amounts and the
compressive strengths were measured. The overall composi-
tions and the test results of these samples are shown in Table
12. Tt should be noted that the values of the sintered alloy
sample of the sample No. 05 and the values of the conven-
tional sintered alloy sample of the sample No. 08 in the First
Example are also shown in Table 12.

TABLE 11

Mixing ratio mass %

Iron- Hard phase
Sample Iron phosphorus forming Copper  Copper-tin ~ Graphite
No. powder alloy powder powder powder alloy powder powder Notes
05  Balance 1.40 10.00 7.00 — 2.00
43 Balance 1.40 10.00 5.00 2.00 2.00
44 Balance 1.40 10.00 3.00 4.00 2.00
45  Balance 1.40 10.00 1.00 6.00 2.00
46  Balance 1.40 10.00 — 7.00 2.00
08  Balance 1.40 — — 5.00 2.00  Alloy disclosed in Japanese
Examined Patent Publication
No. 55-034858
TABLE 12
Wear Compressive
Sample Composition mass % amount pm strength
No. Fe P Cu Cr C Sn VG VS Total MPa Notes
05 Balance 0.28 7.00 120 215 — 31 3 34 621
43  Balance 0.28 6.80 120 215 020 30 3 33 640
44  Balance 0.28 6.60 120 215 040 29 2 31 659
45 Balance 0.28 640 120 215 0.60 27 3 30 680
46  Balance 0.28 6.30 120 215 070 27 2 29 693
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TABLE 12-continued
Wear Compressive
Sample Composition mass % amount jum strength
No. Fe P Cu Cr C Sn VG VS Total MPa Notes
08 Balance 0.28 450 — 2.00 050 61 2 63 680 Alloy disclosed in Japanese

Examined Patent
Publication No. 55-034858

According to the sintered alloy samples of the samples
Nos. 05 and 43 to 46 in Table 11 and 12, the effects of adding
Sn to the sintered alloy are shown.

Compared to the sintered alloy sample of the sample No.
05 which did not include Sn, even when Sn was added in the
sintered alloys, the wear amounts of the valve guides were not
decreased, and the wear resistances were superior. On the
other hand, the compressive strengths were improved by add-
ing Sn in the sintered alloys. In this case, as the amount of Sn
in the sintered alloy was increased, greater amount of the
liquid phase was generated in sintering, and the sintering was
accelerated, whereby the compressive strength was
increased. Specifically, when the amount of Sn was in the
range of 0.6 to 0.7 mass %, the compressive strength was
improved to be approximately equal to that of the conven-
tional sintered alloy sample (sample No. 08). As described
above, by adding Sn in the sintered alloy, the strength of the
sintered alloy was improved while the wear resistance of the
sintered alloy was maintained.
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Seventh Example

The effect of the addition of various hard phase forming
powders on the characteristics of a sintered valve guide was

w
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investigated. The iron powder, the iron-phosphorus alloy
powder, the copper-tin alloy powder, and the graphite powder,
all of which were used in the First Example, were prepared. In
addition, hard phase forming powders having compositions
shown in Table 13 were prepared. These powders were mixed
at mixing ratios shown in Table 13, and raw powders were
obtained. The raw powders were formed into sintered alloy
samples in the same manner as those in the First Example,
whereby sintered alloy samples of the samples Nos. 47 to 50
were obtained. The overall compositions ofthe samples of the
samples Nos. 47 to 50 are shown in Table 14. The wear test
and the compressive strength test were performed on these
sintered alloy samples under the same conditions as those in
the First Example, and the wear amounts and the compressive
strengths were measured. The test results of these samples are
shown in Table 15. It should be noted that the values of the
conventional sintered alloy sample of the sample No. 08 in the
First Example and the values of the sintered alloy sample of
the sample No. 46 in the Sixth Example are also shown in
Table 13 to 15.

TABLE 13

Mixing ratio mass %

Iron-
Sample Iron phosphorus Hard phase forming powder Copper-tin ~ Graphite
No. powder alloy powder Composition alloy powder powder Notes
46  Balance 1.40 10.00 Fe—12Cr—1.5C 7.00 2.00  Hard phase (A)
47  Balance 1.40 10.00 Fe—5Mo—2V—6W—4Cr—I1C 7.00 2.00  Hard phase (C)
48  Balance 1.40 10.00 Fe—35Mo—6Si 7.00 2.00  Hard phase (D)
49  Balance 1.40 10.00 Fe—35Mo—6Si—2Mn 7.00 2.00  Hard phase (E)
50  Balance 1.40 10.00 Co—28Mo—8Cr—2.58i 7.00 2.00  Hard phase (F)
08  Balance 1.40 — — 5.00 2.00  Alloy disclosed in Japanese
Examined Patent Publication
No. 55-034858
TABLE 14
Sample Composition mass %
No. Fe P Cu Sn Cr Mo \ w Si Mn Co C  Notes
46  Balance 0.28 630 050 1.20 — — — — —  2.15 Hard phase (A)
47 Balance 0.28 6.30 050 040 050 020 0.60 — — 2.55 Hard phase (C)
48 Balance 0.28 6.30 0.50 350  — — 060 — —  2.15 Hard phase (D)
49  Balance 0.28 630 050 — 350 — — 0.60 020 —  2.15 Hard phase (E)
50 Balance 0.28 6.30 0.50 0.80 2.80 — — 025 — 6.15 2.15 Hard phase (F)
08 Balance 0.28 450 050 — — — — — — —  2.00 Alloy disclosed in Japanese

Examined Patent Publication
No. 55-034858
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TABLE 15

Compressive

Sample _Wear amount ym strength

No. VG VS Total MPa Notes

46 27 2 29 693 Hard phase (A)

47 25 2 27 704 Hard phase (C)

48 21 3 24 672 Hard phase (D)

49 20 2 22 695 Hard phase (E)

50 16 1 17 658 Hard phase (F)

08 61 2 63 680 Alloy disclosed in Japanese

Examined Patent Publication
No. 55-034858

According to the sintered alloy samples of the samples
Nos. 46 to 50 in Table 13 to 15, the effects of changing the
kind of the hard phase are shown. According to these results,
even when the kind of the hard phase was changed from the
hard phase (A) to the hard phase (c), (D), (E), and (F), the
wear amounts of the valve guides and the valve stems
remained small, and the wear resistances were improved.

What is claimed is:

1. A sintered valve guide exhibiting a metallic structure
having a mixed structure and a hard phase in which hard
particles are dispersed in an alloy matrix,

the mixed structure consisting of pearlite, an Fe—P—C
ternary eutectic phase, a ferrite phase, a copper phase,
and pores,

the mixed structure consisting of, by mass %, 0.075 to
0.525% of P, 3.0 to 10.0% of Cu, 1.0 to 3.0% of C, and
the balance of Fe and inevitable impurities, and

the hard phase being dispersed at 2 to 15 mass % in the
mixed structure.

2. The sintered valve guide according to claim 1, wherein
the hard particles are concentrated in the alloy matrix of the
hard phase.

3. The sintered valve guide according to claim 1, wherein
the alloy matrix of the hard phase is one kind of an iron-based
alloy and a cobalt-based alloy, and the hard particles are at
least one kind selected from the group consisting of molyb-
denum silicides, chromium carbides, molybdenum carbides,
vanadium carbides, and tungsten carbides.

4. The sintered valve guide according to claim 1, wherein
the hard phase is made of at least one selected from the group
consisting of

(A) a hard phase consisting of, by mass %, 4 to 25% of Cr,
0.25 to 2.4% of C, and the balance of Fe and inevitable
impurities,

(B) a hard phase consisting of, by mass %, 4 to 25% of Cr,
0.2510 2.4% of C, at least one of 0.3 to 3.0% of Mo and
0.2 to 2.2% of V, and the balance of Fe and inevitable
impurities,

(C) a hard phase consisting of, by mass %, 4 to 8% of Mo,
0.5t03% of V, 4 to 8% of W, 2 to 6% of Cr, 0.6 t0 1.2%
of C, and the balance of Fe and inevitable impurities,

(D) a hard phase consisting of by mass %, 0.5 to 10% of Si,
10 to 50% of Mo, and the balance of Fe and inevitable
impurities,

(E) ahard phase consisting of, by mass %, 0.5 to 10% of Si,
10 to 50% of Mo, at least one selected from the group
consisting of 0.5 to 10% of Cr, 0.5 to 10% of Ni, and 0.5
to 5% of Mn, and the balance of Fe and inevitable impu-
rities, and

(F) ahard phase consisting of, by mass %, 1.5t03.5% of Si,
7 to 11% of Cr, 26 to 30% of Mo, and the balance of Co
and inevitable impurities.
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5. The sintered valve guide according to claim 1, wherein at
least one kind selected from the group consisting of manga-
nese sulfide, calcium fluoride, molybdenum disulfide, and
magnesium metasilicate minerals is dispersed at not more
than 2 mass % in the metallic structure.

6. The sintered valve guide according to claim 1, wherein
the hard phase is made of at least one selected from the group
consisting of

(A) a hard phase consisting of, by mass %, 4 to 25% of Cr,
0.25 to 2.4% of C, and the balance of Fe and inevitable
impurities,

(B) a hard phase consisting of, by mass %, 4 to 25% of Cr,
0.25t0 2.4% of C, at least one of 0.3 to 3.0% of Mo and
0.2 to 12% of V, and the balance of Fe and inevitable
impurities,

(C) a hard phase consisting of, by mass %, 4 to 8% of Mo,
0.5t03% of V, 4 to 8% of W, 2 to 6% of Cr, 0.6 t0 1.2%
of C, and the balance of Fe and inevitable impurities,

(D) ahard phase consisting of, by mass %, 0.5to 10% of Si,
10 to 50% of Mo, and the balance of Fe and inevitable
impurities, and

(E) ahard phase consisting of, by mass %, 1.5t03.5% of Si,
710 11% of Cr, 26 to 30% of Mo, and the balance of Co
and inevitable impurities.

7. The sintered valve guide according to claim 1, wherein at
least one kind selected from the group consisting of calcium
fluoride, molybdenum disulfide, and magnesium metasilicate
minerals (1) is present and dispersed in metallic structure and
(i1) does not exceed more than 2 mass % of the metallic
structure.

8. The sintered valve guide according to claim 1, wherein at
least one kind selected from the group consisting of calcium
fluoride and magnesium metasilicate minerals (i) is present
and dispersed in the metallic structure and (ii) does not exceed
more than 2 mass % of the metallic structure.

9. The sintered valve guide according to claim 1, wherein
the hard particles are at least one kind selected from the group
consisting of chromium carbides, molybdenum carbides,
vanadium carbides, and tungsten carbides.

10. A sintered valve guide exhibiting a metallic structure
having a mixed structure and a hard phase in which hard
particles are dispersed in an alloy matrix, the alloy matrix
being an iron-based alloy or an iron-chromium alloy,

the mixed structure consisting of pearlite, an Fe—P—C
ternary eutectic phase, a ferrite phase, a copper phase,
and pores,

the mixed structure consisting of, by mass %, 0.075 to
0.525% of P, 3.0 to 10.0% of Cu, 1.0 to 3.0% of C, not
more than 1.1 mass % of Sn, and the balance of Fe and
inevitable impurities, and the hard phase being dispersed
at 2 to 15 mass % in the mixed structure, and the copper
phase is partially or wholly made of a copper-tin alloy
phase.

11. The sintered valve guide according to claim 10,
wherein the hard phase is made of at least one selected from
the group consisting of

(A) a hard phase consisting of, by mass %, 4 to 25% of Cr,
0.25 to 2.4% of C, and the balance of Fe and inevitable
impurities,

(B) a hard phase consisting of, by mass %, 4 to 25% of Cr,
0.25t0 2.4% of C, at least one of 0.3 to 3.0% of Mo and
0.2 to 2.2% of 'V, and the balance of Fe and inevitable
impurities,

(C) a hard phase consisting of, by mass %, 4 to 8% of Mo,
0.5t03% of V, 4 to 8% of W, 2 to 6% of Cr, 0.6 t0 1.2%
of C, and the balance of Fe and inevitable impurities, and
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(D) ahard phase consisting of, by mass %, 0.5 to 10% of Si,
10 to 50% of Mo, and the balance of Fe and inevitable
impurities.

12. The sintered valve guide according to claim 10,
wherein at least one kind selected from the group consisting
of calcium fluoride, molybdenum disulfide, and magnesium
metasilicate minerals (i) is present and dispersed in metallic
structure and (ii) does not exceed more than 2 mass % of the
metallic structure.

13. The sintered valve guide according to claim 10,
wherein at least one kind selected from the group consisting
of calcium fluoride and magnesium metasilicate minerals (i)
is present and dispersed in the metallic structure and (ii) does
not exceed more than 2 mass % of the metallic structure.

#* #* #* #* #*
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